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TECHNICAL MEMORANDUM RESULTSRESULT OF PSDDA

TESTING OF SLIP NO SEDIMENTSSEDIMENT

INTRODUCTION

THISTHI TECHNICAL MEMORANDUM SUMMARIZESSUMMARIZE THE RESULTSRESULT OF TESTING OF SEDIMENTSSEDIMENT COLLECTED FROM

SLIP NO ON THE DUWAMISH RIVER IN SEATTLE WASHINGTON THISTHI TESTING WAS CONDUCTED BY

PTI ENVIRONMENTAL SERVICESSERVICE P11 ON BEHALF OF CROWLEY MARINE SERVICESSERVICE CROWLEY IN

ORDER TO DETERMINE THE SUITABILITY OF THESE SEDIMENTSSEDIMENT FOR DISPOSAL AT PUGET SOUND

DREDGED DISPOSAL ANALYSISANALYSI PSDDA SITE THE PROPOSED DREDGING OF SLIP NO AS WELL

AS THE OVERALL APPROACH TO THISTHI INVESTIGATION WERE DESCRIBED IN THE PSDDA SEDIMENT

CHARACTERIZATION SAMPLING ANDANALYSISANDANALYSI PLAN P11 1995 FOR THE PURPOSESPURPOSE OF EVALUATION

OF THE SEDIMENTSSEDIMENT UNDER THE PSDDA PROGRAM THE SEDIMENTSSEDIMENT PROPOSED FOR DREDGING WERE

DIVIDED INTO FOUR DREDGED MATERIAL MANAGEMENT UNITSUNIT DMMUS IN JULY 1995 TWO

SEDIMENT CORESCORE WERE COLLECTED FROM EACH DMMIJ AND THE SEDIMENTSSEDIMENT WITHIN THOSE TWO

CORESCORE WERE COMPOSITED AS DESCRIBED BY P11 1995 THE FOUR COMPOSITE SEDIMENT SAMPLESSAMPLE

IE ONE FROM EACH DMMU WERE THEN CHEMICALLY ANALYZED AND SUBJECTED TO THREE

SEDIMENT TOXICITY TESTSTEST AS DESCRIBED BY PTI 1995 IN ADDITION REFERENCE SEDIMENTSSEDIMENT WERE

COLLECTED FROM CARR INLET FOR USE IN THE SEDIMENT TOXICITY TESTS THE REFERENCE SEDIMENTSSEDIMENT

WERE ANALYZED FOR VARIOUSVARIOU CONVENTIONAL SEDIMENT VARIABLESVARIABLE BUT WERE NOT ANALYZED FOR

CHEMICAL CONTAMINANTS

RESULTSRESULT OF TESTING THE SEDIMENTSSEDIMENT FROM THE FOUR DMMUSDMMU

SEDIMENT CHEMISTRY

THE RESULTSRESULT OF THE CHEMICAL ANALYSESANALYSE OF THE FOUR COMPOSITE SEDIMENT SAMPLESSAMPLE FROM SLIP NO

AND OF THE REFERENCE SEDIMENT SAMPLE FROM CARR INLET ARE REPORTED IN TABLE 1 THE

CONCENTRATIONSCONCENTRATION OF CHEMICALSCHEMICAL FOR WHICH THERE ARE PSDDA CRITERIA ARE COMPARED TO THOSE

CRITERIA IN TABLE 1 THE APPLICABLE
CRITERIA INCLUDE SCREENING LEVELSLEVEL SLS BIOACCUMULATION

TRIGGER VALUESVALUE BTS AND MAXIMUM LEVELSLEVEL MLS EXCEEDANCESEXCEEDANCE OF THE PSDDA SLS ARE

INDICATED BY BOX AROUND THE CONCENTRATION VALUE EXCEEDANCESEXCEEDANCE OF THE PSDDA BTS ARE

INDICATED BY SHADING OF THE CONCENTRATION VALUE EXCEEDANCESEXCEEDANCE OF THE PSDDA MLS ARE

INDICATED BY BOTH SHADING AND BOX AROUND THE CONCENTRATION VALUE ALL FOUR COMPOSITE

SEDIMENT SAMPLESSAMPLE EXCEEDED VARIOUSVARIOU SLS WHILE ONLY TWO EXCEEDED BTS DMMU1 FOR

FLUORANTHENE AND DMMU4 FOR TOTAL POLYCHIORINATED BIPHENYLSBIPHENYL ONLY ONE ML WAS

EXCEEDED IN ANY OF THE FOUR COMPOSITE SEDIMENT SAMPLESSAMPLE FLUORANTHENE IN DMMU1 ON

THE BASISBASI OF SEDIMENT CHEMISTRY ALONE NONE OF THE FOUR DMMUSDMMU SHOULD BE PRECLUDED FROM

DISPOSAL AT PSDDA SITE ALTHOUGH FURTHER BIOACCUMULATION TESTING WOULD BE REQUIRED TO

DETERMINE THE SUITABILITY FOR SUCH DISPOSAL OF THOSE SEDIMENTSSEDIMENT EXCEEDING THE PSDDA BTS
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SEDIMENT TOXICITY TESTSTEST

THE RESULTSRESULT OF THE AMPHIPOD ECHINODERM EMBRYO AND NEANTHESNEANTHE TOXICITY TESTSTEST ARE

SUMMARIZED IN TABLESTABLE AND 5 RESULTSRESULT ARE INCLUDED FOR ALL FOUR DMMUSDMMU AS WELL AS

FOR THE CAN INLET REFERENCE SEDIMENT ALSO INCLUDED ARE RESULTSRESULT FOR NEGATIVE CONTROLSCONTROL IE
YAQUINA BAY CONTROL SEDIMENT IN THE CASE OF THE AMPHIPOD AND NEANIHESNEANIHE TOXICITY TESTSTEST

AND SEAWATER CONTROL IN THE CASE OF THE ECHINODERM EMBRYO TOXICITY TEST THE RESULTSRESULT OF

THESE TOXICITY TESTSTEST ARE THEN COMPARED WITH PSDDA EVALUATION GUIDELINESGUIDELINE IN TABLE 6

INCLUDED ARE THE PSDDA PERFORMANCE STANDARDSSTANDARD FOR THE NEGATIVE
CONTROL SAMPLESSAMPLE THE

PSDDA PERFORMANCE STANDARDSSTANDARD FOR THE REFERENCE AREA SEDIMENT AND THE NONDISPERSIVE

DISPOSAL SITE INTERPRETATION GUIDELINES
THE NONDISPERSIVE SITE INTERPRETATION GUIDELINESGUIDELINE

INCLUDE BOTH THE SOCALLED 1HIT AND 2HIT RULES EXCEEDANCE OF EITHER THE 1HIT OR

2HIT RULESRULE REQUIRESREQUIRE THAT THE MAGNITUDE OF THE TOXIC RESPONSE IN THE TEST SEDIMENT

EXCEEDSEXCEED GIVEN VALUE EXPRESSED RELATIVE TO THE RESPONSE IN EITHER THE NEGATIVE CONTROL OR

THE REFERENCE SEDIMENT AND THE TOXIC RESPONSE IN THE TEST SEDIMENT MUST BE STATISTICALLY

SIGNIFICANTLY DIFFERENT FROM THE RESPONSE IN THE REFERENCE SEDIMENT EXCEEDANCE OF THE 1
HIT CRITERION BY SINGLE TOXICITY TEST FOR GIVEN DMMU IS SUFFICIENT TO PRECLUDE DISPOSAL

OF THE SEDIMENT FROM THAT DMMU AT PSDDA SITE EXCEEDANCE OF THE 2HIT CRITERION

BY ONE OF THE TOXICITY TESTSTEST FOR GIVEN DMMU WOULD ONLY PRECLUDE DISPOSAL OF THE

SEDIMENT FROM THAT DMMU AT PSDDA SITE IF THAT RESULT WAS CORROBORATED BY THE

EXCEEDANCE OF 2HIT CRITERION BY ONE OF THE OTHER TWO TOXICITY TESTS

ALL THREE TOXICITY TESTSTEST SATISFIED ALL APPLICABLE PERFORMANCE STANDARDSSTANDARD FOR THE NEGATIVE

CONTROLSCONTROL AND FOR THE REFERENCE SEDIMENT THISTHI IMPLIESIMPLIE ACCEPTABLE PERFORMANCE WAS

ACHIEVED IN THESE TESTSTEST FOR COMPARISONSCOMPARISON WITH THE SEDIMENTSSEDIMENT FROM THE FOUR DMMUS

STATISTICAL COMPARISONSCOMPARISON OF EACH TEST SEDIMENT RESPONSE WITH THE CORRESPONDING RESPONSE IN

THE REFERENCE SEDIMENT WERE PERFORMED USING AN APPROXIMATE 1TEST IE ASSUMING UNEQUAL

VARIANCES DIFFERENCESDIFFERENCE WERE ASSESSED USING
ONETAILED SIGNIFICANCE LEVEL OF 005 FOR

THE ANIPHIPOD AND NEANIHESNEANIHE TOXICITY TESTSTEST AND OF 010 FOR THE ECHINODERM EMBRYO TOXICITY

TEST

FOR THE AMPHIPOD TOXICITY TEST THE MAGNITUDESMAGNITUDE OF THE TOXIC RESPONSESRESPONSE IN THE SEDIMENTSSEDIMENT

FROM ALL FOUR DMMUSDMMU WERE SUFFICIENT TO EXCEED THE 2HIT CRITERION BUT ONLY THE RESULTSRESULT

FOR DMMU2 DMMU3 AND DMMU4 WERE STATISTICALLY DIFFERENT FROM THE RESPONSE FOR THE

REFERENCE SEDIMENT THE MAGNITUDESMAGNITUDE OF THE TOXIC RESPONSESRESPONSE IN THE SEDIMENTSSEDIMENT FROM

DMMU3 AND DMMU4 WERE ALSO SUFFICIENT TO EXCEED THE 1HIT CRITERION THEREFORE ON

THE BASISBASI OF THE AMPHIPOD TOXICITY TEST RESULTSRESULT ALONE THE SEDIMENTSSEDIMENT FROM DMMU3 AND

DMMU4 WOULD BE PRECLUDED FROM DISPOSAL AT PSDDA SITE THE SEDIMENTSSEDIMENT FROM

DMMU2 WOULD ONLY BE PRECLUDED FROM SUCH DISPOSAL IF THE RESULTSRESULT FOR ONE OF THE OTHER

TWO TOXICITY TESTSTEST ALSO EXCEEDED 2HIT CRITERION

FOR THE ECHINODERM EMBRYO TOXICITY TEST THE MAGNITUDESMAGNITUDE OF THE TOXIC RESPONSESRESPONSE
IN THE

SEDIMENTSSEDIMENT FROM DMMUI AND DMMU2 WERE SUFFICIENT TO EXCEED THE 2HIT CRITERION BUT

NEITHER RESULT WAS STATISTICALLY DIFFERENT FROM THE RESPONSE FOR THE REFERENCE SEDIMENT THE

COWMYV111D0C
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TOXIC RESPONSE IN THE SEDIMENT FROM DMMU3 WAS SIGNIFICANTLY DIFFERENT FROM BUT LOWER

THAN THE RESPONSE FOR THE REFERENCE SEDIMENT THE TOXIC RESPONSESRESPONSE IN THE SEDIMENTSSEDIMENT FROM

DMMU4 WERE NEITHER STATISTICALLY DISTINGUISHABLE FROM THE RESPONSE IN THE REFERENCE

SEDIMENT NOR OF SUFFICIENT MAGNITUDE TO EXCEED EITHER THE 2HIT OR 1HIT CRITERIA

THEREFORE ON THE BASISBASI OF THE ECHINODERM EMBRYO TOXICITY TEST RESULTSRESULT EITHER ALONE OR IN

CONJUNCTION
WITH THE RESULTSRESULT FOR EITHER OF THE OTHER TWO TOXICITY TESTSTEST THERE WOULD BE NO

REASON TO PRECLUDE DISPOSAL
OF THE SEDIMENTSSEDIMENT FROM ANY OF THE FOUR DMMUSDMMU AT PSDDA

SITE

FOR THE NEANIHESNEANIHE TOXICITY TEST NONE OF THE TOXIC RESPONSESRESPONSE EITHER MORTALITY OR REDUCTIONSREDUCTION

IN GROWTH IN THE SEDIMENTSSEDIMENT FROM ANY OF THE FOUR DMMUSDMMU WERE STATISTICALLY DIFFERENT FROM

THE RESPONSE IN THE REFERENCE SEDIMENT IN ADDITION NONE WERE OF SUFFICIENT MAGNITUDE TO

EXCEED EITHER THE 2HIT OR 1HIT CRITERIA THEREFORE ON THE BASISBASI OF THE NEANTHESNEANTHE

TOXICITY TEST RESULTSRESULT EITHER ALONE OR IN CONJUNCTION WITH THE RESULTSRESULT FOR EITHER OF THE OTHER

TWO TOXICITY TESTSTEST THERE WOULD BE NO REASON TO PRECLUDE DISPOSAL OF THE SEDIMENTSSEDIMENT FROM

ANY OF THE FOUR DMMUSDMMU AT PSDDA SITE

IN CONCLUSION ON THE BASISBASI OF SEDIMENT CHEMISTRY ALONE NONE OF THE FOUR DMMUSDMMU SHOULD

BE PRECLUDED FROM DISPOSAL AT PSDDA SITE ALTHOUGH FURTHER BLOACCUMULATION TESTING

WOULD BE REQUIRED TO DETENNINE THE SUITABILITY FOR SUCH DISPOSAL OF THOSE SEDIMENTSSEDIMENT

EXCEEDING THE PSDDA BTS DMMU1 AND DMMU4 THE ONLY RESULTSRESULT OF THE SEDIMENT

TOXICITY TESTSTEST THAT WOULD PRECLUDE DISPOSAL OF THE SEDIMENTSSEDIMENT AT PSDDA SITE ARE THE

AMPHIPOD TOXICITY TEST RESULTSRESULT FOR DMMU3 AND DMMU4 AMPHIPOD TOXICITY IN THE

SEDIMENTSSEDIMENT FROM THOS TWO DMMUSDMMU WAS SUFFICIENTLY GREAT TO EXCEED THE 1HIT CRITERION

ALTHOUGH THE AMPHIPOD TOXICITY TEST RESULTSRESULT FOR DMMU2 EXCEEDED THE 2HIT CRITERION

THEY WERE NOT CORROBORATED BY THE RESULTSRESULT FOR EITHER OF THE OTHER TWO TOXICITY TESTS

BECAUSE THE SEDIMENTSSEDIMENT FROM DMMU4 WOULD BE PRECLUDED FROM DISPOSAL AT PSDDA SITE

AS RESULT OF THE AMPHIPOD TOXICITY THERE WOULD BE NO POINT
IN CONDUCTING

BIOACCUMULATION BIOASSAYSBIOASSAY OF THOSE SEDIMENTSSEDIMENT THAT WOULD OTHERWISE HAVE BEEN

NECESSITATED BY EXCEEDANCE OF THE BT FOR TOTAL PCBS FOR DMMU1 FURTHER ASSESSMENT OF

THE SEDIMENTSSEDIMENT THROUGH THE CONDUCT OF BIOACCUMULATION BIOASSAYSBIOASSAY WOULD BE REQUIRED

BECAUSE OF THE EXCEEDANCE OF THE BT FOR FLUORANTHERIE SEDIMENTSSEDIMENT FROM DMMIJ2 SHOULD

BE SUITABLE FOR DISPOSAL AT PSDDA SITE WITHOUT FURTHER TESTING REQUIREMENTS

BIOACCUMULATION BIOASSAY FOR DMMUI

TO ASSESSASSES THE BIOACCUMULATION POTENTIAL
OF THE SEDIMENTSSEDIMENT FROM DMMU1 FOR EVALUATION OF

THEIR SUITABILITY FOR DISPOSAL AT PSDDA SITE IT WAS NECESSARY TO RECOLLECT SEDIMENTSSEDIMENT FROM

DMMU1 AS DESCRIBED IN LETTER SAMPLING AND ANALYSISANALYSI PLAN SUBMITTED TO THE DREDGED

MATERIAL MANAGEMENT OFFICE OF THE US ARMY CORPSCORP OF ENGINEERSENGINEER ON OCTOBER 19 1995

SUBSEQUENT REVISIONSREVISION TO THAT PLAN WERE DESCRIBED IN LETTER TO THE DREDGED MATERIAL

MANAGEMENT OFFICE DATED OCTOBER 23 1995 SEDIMENT CORESCORE WERE AGAIN COLLECTED FROM

STATIONSSTATION AND WITHIN DMMU1 USING
LASER SURVEYING SYSTEM TO REPOSITION THE

SAMPLING DEVICE AS ACCURATELY AS POSSIBLE AT THE LOCATIONSLOCATION OF THE PREVIOUSPREVIOU CORESCORE AT THOSE

DOE
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TWO STATIONS THE SEDIMENTSSEDIMENT FROM THE TWO STATIONSSTATION WERE COMPO SITED AS DESCRIBED IN THE

PLAN AND SUBMITTED TO THE LABORATORIESLABORATORIE FOR ANALYSIS IN ADDITION REFERENCE SEDIMENTSSEDIMENT FOR

USE IN THE BIOACCUMULATION BIOASSAYSBIOASSAY WERE AGAIN COLLECTED FROM CARR INLET COMPOSITED

AND FORWARDED TO THE LABORATORIES

BOTH THE SEDIMENTSSEDIMENT FROM DMMU1 AND THE REFERENCE SEDIMENTSSEDIMENT FROM CAN INLET WERE

ANALYZED FOR NUMBER OF CONVENTIONAL SEDIMENT VARIABLES ONLY THE SEDIMENTSSEDIMENT FROM

DMMUI WERE REQUIRED TO BE ANALYZED FOR POLYCYCLIC AROMATIC HYDROCARBONSHYDROCARBON PAHS

THE RESULTSRESULT OF THESE ANALYSESANALYSE ARE REPORTED
IN TABLE 7 DESPITE EVERY EFFORT TO RELOCATE THE

SEDIMENT CORESCORE AT THE LOCATIONSLOCATION OF THE PREVIOUSLY
COLLECTED SEDIMENT CORESCORE FROM DMMU

THE CONCENTRATIONSCONCENTRATION OF THE PAHSPAH WERE MARKEDLY LOWER COMPARE TABLE WITH TABLE 7
NEVERTHELESSNEVERTHELES IT WAS NECESSARY TO USE THESE SEDIMENTSSEDIMENT IN THE BIOACCUMULATION BIOASSAYS

THE BIOACCUMULATION BIOASSAYSBIOASSAY WERE CONDUCTED BY THE BATTELLE LABORATORY IN SEQUIM

WASHINGTON FOLLOWING THE PROCEDURESPROCEDURE DESCRIBED IN THE AFOREMENTIONED OCTOBER 19 AND

23 1995 LETTERS THE TEST ORGANISMSORGANISM WERE CLAMSCLAM MACOMA NASUTA AND POLYCHAETESPOLYCHAETE

NEPHTYSNEPHTY CAECOIDES BATTELLE WAS RESPONSIBLE
FOR THE COLLECTION OF NEGATIVE CONTROL

SEDIMENTSSEDIMENT FROM SEQUIM BAY THE TISSUE SAMPLESSAMPLE WERE CHEMICALLY ANALYZED BY COLUMBIA

ANALYTICAL
SERVICESSERVICE IN KELSO WASHINGTON

THE CONCENTRATIONSCONCENTRATION OF PAHSPAH WERE ANALYZED IN FIVE COMPOSITE SAMPLESSAMPLE OF THE TISSUESTISSUE OF

SUBSAMPLE OF THE ORGANISMSORGANISM OF EACH SPECIESSPECIE COLLECTED FOR USE IN THESE BIOACCUMULATION

BIOASSAYSBIOASSAY TABLE 8 THESE SAMPLESSAMPLE WERE REFERRED TO AS TIME SAMPLESSAMPLE BECAUSE THEY ARE

PRESUMED TO BE REPRESENTATIVE OF THE TISSUESTISSUE OF THE ORGANISMSORGANISM AT THE INITIATION OF THE

LABORATORY EXPOSURES ONLY TWO PAHSPAH FLUORANTHENE AND BENZOAPYRENE WERE DETECTED

IN THE MACOMA TIME TISSUE SAMPLESSAMPLE AND BOTH WERE JUST ABOVE THE DETECTION LIMITS NONE

OF THE PAHSPAH WERE DETECTED IN THE NEPHTYSNEPHTY TIME TISSUE SAMPLES

AT THE CONCLUSION OF THE 28DAY EXPOSURESEXPOSURE TO REFERENCE AND DMMU SEDIMENTSSEDIMENT THE

ORGANISMSORGANISM WERE ALLOWED TO DEPURATE FOR 24 HOURSHOUR AND THEN FIVE COMPOSITE TISSUE SAMPLESSAMPLE

WERE ANALYZED FOR EACH SPECIESSPECIE FROM EACH SEDIMENT TYPE TABLE 8 ONLY TWO PARSPAR
CHRYSENE AND BENZOAPYRENE WERE DETECTED IN THE MACOMA TISSUE SAMPLESSAMPLE FROM THE

REFERENCE SEDIMENT EXPOSURESEXPOSURE AND BOTH WERE JUST ABOVE THE DETECTION LIMITS NONE OF THE

PAHSPAH WERE DETECTED IN THE NEPHLYSNEPHLY TISSUE SAMPLESSAMPLE FROM THE REFERENCE SEDIMENT EXPOSURES

IN CONTRAST NUMBER OF INDIVIDUAL PAHSPAH WERE DETECTED IN BOTH THE MACOMA AND NEPHIYSNEPHIY

TISSUE SAMPLESSAMPLE FROM THE DMMU SEDIMENT EXPOSURESEXPOSURE AT CONCENTRATIONSCONCENTRATION IN SOME CASESCASE

SUBSTANTIALLY ABOVE THE DETECTION LIMITS ALTHOUGH NO STATISTICAL ANALYSESANALYSE WERE PERFORMED

BECAUSE OF THE ABSENCE OF DETECTED CONCENTRATIONSCONCENTRATION IN THE REFERENCE SEDIMENT TISSUE

SAMPLESSAMPLE IT IS CLEAR THAT THE PAR CONCENTRATIONSCONCENTRATION IN THE DIVLIVLU TISSUE SAMPLESSAMPLE ARE

SIGNIFICANTLY
ABOVE THOSE IN THE REFERENCE SEDIMENT TISSUE SAMPLES WHILE NO OBJECTIVE

CRITERION HAS BEEN ESTABLISHED WITHIN THE PSDDA PROGRAM FOR EVALUATING THE ACCEPTABILITY

OF CERTAIN LEVELSLEVEL OF BIOACCUMULATION INDICATIONSINDICATION ARE THAT THE PSDDA AGENCIESAGENCIE WILL USE

RULEOFTHUMB CURRENTLY APPLIED BY US EPA REGION IN SIMILAR CIRCUMSTANCES THAT

RULEOFTHUMB IS THAT FACTOR OF 10FOLD HIGHER
CHEMICAL CONCENTRATIONSCONCENTRATION IN THE TISSUESTISSUE OF

ORGANISMSORGANISM EXPOSED TO TEST SEDIMENT RELATIVE TO THOSE EXPOSED TO REFERENCE SEDIMENTSSEDIMENT WILL

CWWVWLKRTPDSL3DOC
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BE CONSIDERED UNACCEPTABLE ASSUMING THAT THISTHI RULEOFTHUMB WILL BE APPLIED BY THE

PSDDA AGENCIESAGENCIE ON BEST PROFESSIONAL JUDGMENT BASISBASI IT APPEARSAPPEAR LIKELY THAT THE

SEDIMENTSSEDIMENT FROM DMMU1 WILL BE CONSIDERED UNSUITABLE FOR DISPOSAL AT PSDDA SITE

BECAUSE THEY PRESENT AN UNACCEPTABLE RISK FOR BIOACCUMULATION OF POTENTIALLY TOXIC

CHEMICALS

TISSUE CONCENTRATIONSCONCENTRATION OF CHEMICAL CONTAMINANTSCONTAMINANT MAY BE REPORTED ON EITHER WETWEIGHT

BASISBASI AS IN TABLE OR DRYWEIGHT BASIS UNFORTUNATELY THERE WAS INSUFFICIENT TISSUE

SAMPLE AVAILABLE IN ALL REPLICATE COMPOSITE SAMPLESSAMPLE TO PERFORM THE TOTAL SOLIDSSOLID ANALYSISANALYSI FOR

CONVERSION OF THE WETWEIGHT CONCENTRATIONSCONCENTRATION TO DRYWEIGHT CONCENTRATIONS TOTAL SOLIDSSOLID

VALUESVALUE ARE REPORTED FOR 12 TISSUE SAMPLESSAMPLE IN TABLE 9 INCLUDED ARE ALL REPLICATE SAMPLESSAMPLE FOR

MACOMA IN THE DMMLJI AND REFERENCE SEDIMENTSSEDIMENT AT THE CONCLUSION OF THE LABORATORY

EXPOSURESEXPOSURE AND TWO OF THE REPLICATE SAMPLESSAMPLE FOR NEPHIYSNEPHIY IN THE REFERENCE SEDIMENT AT THE

CONCLUSION OF THE LABORATORY EXPOSURES THERE WAS RELATIVELY LITTLE VARIABILITY IN THE TOTAL

SOLIDSSOLID CONTENT IN ANY OF THESE SAMPLES FOR THOSE REPLICATE SAMPLESSAMPLE WITH AVAILABLE TOTAL

SOLIDSSOLID MEASUREMENTSMEASUREMENT THE ACTUAL VALUESVALUE FOR EACH REPLICATE WERE USED IN CONVERTING THE WET

WEIGHT CONCENTRATIONSCONCENTRATION TO DRYWEIGHT CONCENTRATIONSCONCENTRATION TABLE 10 FOR THOSE REPLICATE

SAMPLESSAMPLE WITHOUT ACTUAL TOTAL SOLIDSSOLID VALUESVALUE THE MEAN OF THE OTHER TOTAL SOLIDSSOLID CONTENTSCONTENT FOR

EACH SPECIESSPECIE WAS USED INSTEAD GIVEN THE RELATIVELY LOW LEVEL OF VARIABILITY IN THESE VALUESVALUE

THE EFFECT OF USING THE MEAN TOTAL SOLIDSSOLID VALUESVALUE RATHER THAN ACTUAL VALUESVALUE ON THE RESULTING

DRYWEIGHT CONCENTRATIONSCONCENTRATION WOULD BE MINOR THE DRYWEIGHT TISSUE CONCENTRATIONSCONCENTRATION OF

PAHSPAH ARE PRESENTED ONLY FOR COMPLETENESSCOMPLETENES THE CONCLUSIONSCONCLUSION DISCUSSED ABOVE WITH REGARD

TO THE BIOACCUMULATION POTENTIAL OF THESE SEDIMENTSSEDIMENT WOULD NOT BE CHANGED

CONCLUSION

COMPARISON OF THE SEDIMENT CHEMICAL CONCENTRATIONSCONCENTRATION TO THE PSDDA SLS AND MLS

SUGGESTSSUGGEST THAT NONE OF THE FOUR DMMUSDMMU SHOULD BE PRECLUDED FROM DISPOSAL AT PSDDA

SITE ON THE BASISBASI OF SEDIMENT CHEMISTRY ALONE ALTHOUGH FURTHER BIOACCUMULATION TESTING

WOULD BE REQUIRED TO DETERMINE THE SUITABILITY FOR SUCH DISPOSAL OF THOSE SEDIMENTSSEDIMENT

EXCEEDING THE PSDDA BTS DMMU1 AND DMMU4 COMPARISON OF THE TOXICITY TEST

RESULTSRESULT TO THE PSDDA EVALUATION GUIDELINESGUIDELINE SUGGESTSSUGGEST THAT THE SEDIMENTSSEDIMENT FROM DMMU3

AND DMMU4 WOULD BE UNSUITABLE FOR DISPOSAL AT PSDDA SITE ON THE BASISBASI OF THE

AMPHIPOD TOXICITY TESTS UNDER THE RULEOFTHUMB EVALUATION CRITERIA APPLIED BY THE

PSDDA AGENCIESAGENCIE IT IS LIKELY THAT THE AGENCIESAGENCIE WILL CONSIDER THE BIOACCUMULATION POTENTIAL

OF THE SEDIMENTSSEDIMENT FROM DMMUI TO PRECLUDE THOSE SEDIMENTSSEDIMENT FROM DISPOSAL AT PSDDA

SITE BASED ON SEDIMENT CHEMISTRY AND TOXICITY TEST RESULTSRESULT SEDIMENTSSEDIMENT FROM DMMU2 ARE

LIKELY TO BE FOUND SUITABLE FOR DISPOSAL AT PSDDA SITE THE SEDIMENTSSEDIMENT FROM DMMU1

DMMU3 AND DMMTJ4 WILL LIKELY NEED TO BE DISPOSED OF IN AN ALTERNATIVE MANNER

REFERENCE

P11 1995 PSDDA SEDIMENT CHARACTERIZATION SAMPLING AND ANALYSISANALYSI PLAN CROWLEYSCROWLEY 8TH

AVENUE TERMINAL FACILITY SEATTLE WASHINGTON PREPARED FOR CROWLEY MARINE SERVICESSERVICE

SEATTLE WASHINGTON P11 ENVIRONMENTAL SERVICESSERVICE BELLEVUE WASHINGTON
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TABLE 1 COMPARISON OF THE CHEMICAL RESULTSRESULT FOR THE 1995 COMPOSITE SEDIMENT

SAMPLESSAMPLE TO PSDDA SCREENING LEVELSLEVEL BIOACCUMULATION TRIGGERSTRIGGER AND MAXIMUM LEVELSLEVEL

OMMUI DMMLQ CMMU3 DMNU4 CAN MINT

STATIONSSTATION 12 34 516 78 RFRENCE PSDDA

CHMLCI SAMPI RIUMBR CMS45 CMS41 CMS42 CMS43 CMS44 SL BT ML

CONVNTLONAL VARTABISVARTABI

TOTAL VOLSSVOLS SOLIDSSOLID 49 381 17 17

TOW ORGANIC CARBON 24 27 23 056

PRCNT GRSVSL 354B 646 27 081 035

PSRCNT SAND 441 605 599 851 573

PWCNT SLIT
241 268 II 366

PORCANT CLAY
83 91 23 42

TOTAL SOLIDSSOLID 738 72 694 733 668

SUIDMGLKG 910 1100 93 26 1 15

AMMONIANITROGSN MGKG 24 77 38 17 22

MOWSMOW MGKG DRY WSIGH
ANLIMORLY 35 2U 2U 2U 20 146 200

ARSSNLC 155 12 11
57 5071 700

CADMIUM 14 07 05 03 096 96

COPPR 94 64 62 29 81 810

LSOD 132 636 556 134 66 660

TOTAL MRCUY 013 011 01 002 021 15 21

NLCKL 42 28 30 25 140 1022

SLIVSR
04 04 06 02 12 46 61

ZINC 2791 157 160 89 160 1600

SARNIVOLATLI ORGANIC COMPOUNDSCOMPOUND 4IGKG DRY WUIGHT

POLYCYCIC AROMATIC HYDROCARBONSHYDROCARBON

TOTAL LPAH 4550 431 145 636 610 6100

NSPMHALN 30 22 20U 25 210 2100

ACNSPHTHYINNSACNSPHTHYINN
20 20 20 20 64 640

ACANAPHTHSN 200I 28 20 42 63 630

FLUCRONE 220 27 20 51 64 640

PHNANTHRENE 3000 260 96 400 320 3200

ANWACN 1100 94 47 120 130 1300

2MTHYTNAPHTHINNS2MTHYTNAPHTHINN 20 20 20 20 67 670

TOTAL HPAH 31500 4940 2010 3070 1800 51000

FHICRANTHN 60CI 600 320 660 630 4600 6300

PYRSOSPYRSO 6200 1000 420 630 430 7300

BNZNANTHRACSNE 3600 480 160 270 450 4500

CHRYSN 4000 560 220 340 670 6700

TOTAL BNZOLLUORANTHSNAR 4500 960 410 550 800 8000

BNZAPYRN 2300 520 200 260 680 4964 6800

LNDNOTL23CDJPYFSNE
960 260 120 150 69 5200

DBNZISHAMHRACNE 450 84 31 52 120 1200

BARIZOGHLPARYLN 280 130 160 540 5400

CHLODNOTD BNZN
13DLCHLOROBSOZNE 12 11 12 12 170 1241

14DICHLOROBNZSNE 12 11 12 12 26 190 260

12DICHLOROBNZNE 12 11 12 12 19 37 350

124TDCHLOROBSNZENS124TDCHLOROBSNZEN 56 59 58 13 64

HXACTTIOROBNZSOE 20 20 20 20 23 168 230

PHTHAICT ESTRSESTR
DIMSLHYLPHTHALATSDIMSLHYLPHTHALAT 20U 20U 2OPJ 20U 160 1168

DINTHYL PMHAIMSPMHAIM 20 20 30 20 97

DLNBUTYTPTAHALATSDLNBUTYTPTAHALAT 20 20 20 20 1400 10220

BUTYTBNZYL PMHSLASSPMHSLAS 20 20 20 20 470

ELS2THYLHSXYQPHTHAL 76 210 300 290 3100 13870

DLNOCTY PHTHALATA
20 20 20 20 6200

PBNOISPBNOI
PHNOL 20 21 20 20 120 1200

2MTHYLPBANOL 20 20 20 20 20 72

4M1WLPHSNOL 20 20 20 20 120 1200

24DIMTHYLPBONOL 20 20 20 20 29 50

PNTACHLOOPHSNOL
100 UJ 100 UJ 100 UJ 100 UJ 100 690

MISOSIIANOU OXYGNATD COMPOUNDSCOMPOUND
SARIZYLALCOHOL 20U 20U 20U 20U 25 73

BNZOLC ACID 200 200 200 200 400 690

DLBNZOFURAN 69 20U 20 25 54 540
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TABLE 1 CONT

DMMU1 DMM DMMU3 DMMU4 CARR INLET

STATIONSSTATION 12 34 56 76 R1RNCSR1RNC PSDDA

CHMLCSI SWNPLNUMBEI CMS45 CMS41 CMS42 CMS43 CMS44 SL BT ML

CHLORINATED ALLPHNDC HYDROCARBONSHYDROCARBON

H CHIOIOITHWI 20 20 20 20 1400 10220 14000

HCNORCBUTSDLSFLE 20 200 200 200 29 212 290

OGANONWOGSN COMPOUNDSCOMPOUND
NNHROODLPHSFLYLSMIF

20 20 20 20 28 161 220

PSS8CLDSPSS8CLD 4GKG THY WSLGH

44ODD
44DDE 2U 20 20 2U

44DDT 38 27 42

TOTAL DDT 38 270 42 69 50 69

HSPTACHLOR
10 10 10 10 10 37

CHLORDAN 10 10 10 1U 10 37

ALDDN 28 75 77 UJ 12 UJ 10 37

DLLDDN 2U 20 2U 20 10 37

UNDANSUNDAN 10 1U 10 10 10

TOTAL POLYCHIORINSTED BLPHNYII 4RGKG DRYPH
PALYCHIODNATED BIPHFLYLSBIPHFLYL 3201 560 640 980 130 2500

TOC NORMALIZED PCB PPMC 160 358 237 42J 38

VOLATILE ORGANIC COMPOUNDSCOMPOUND UGLKG DRY

TRLCHIOROSTHENE 12 11 12 12 160 1188 1600

1122TTRACNOIOITHSFLE
12 11 12 12 14 102 210

ETHYLBERNANE
12 11 12 12 10 27 50

OTHOXYSN 12 11 12 12

PARSPAR AND MTSXYLENE ISOMERSISOMER 12 11 120 12

TOIIXYISOSI 120 110 120 12U 12 160

YLTLN 4IGKG DRY

MONOBUTYLLIN
IOUJ LOW LOU LOU 30

DLBUTYLTIN
10 UJ 10 UJ 10 10 30

TDBUTYLTIN
10 10 19 10 30

TABRAVLIFL 100J LOW IOU LOU 30

PLOTSPLOT NO PSDDA LEVEL HAS BEEN ESTABLISHED FORTH CHEMICALSCHEMICAL

ST BLOECCUMULATON TRIGGER XCDANCESXCDANCE INDICATED BY SHADING

DMMU DREDGED MATEAL MANAGMENT UNIT

HPAH HIGH MOLECULAR WLGM POLYCYCIC AROMATIC HYDROCARBONSHYDROCARBON

IPAH LAW MOLSCIISRWSLGHT POLYCYCLIC AROMATIC HYDROCARBONSHYDROCARBON

ML M3DMUM LOMI XCEDSNCASXCEDSNCA INDICATED BY AUTILNE AND SHADING

PSDDA PUGT SOUND DRDGED DISPOSAL ANALYSISANALYSI PROGRAM

SL SCREENING LEVEL XCEEDANCSSXCEEDANCS INDICATED BY OULINE

VALU REPRESENTSREPRESENT THE MEAN OF THE LABORATORY DUPLICATE ANALYSESANALYSE FOR URISURI SAMPLE

VALUE REPRESENTSREPRESENT THE MEAN OF LABORATORY TRIPLICATE ANALYSESANALYSE FOR THISTHI SAMPLE

TOTAL SOLIDSSOLID RESULT ARE AN AVERAGE OF ALL LABORATORY REPLICATESREPLICATE FROM BOTH COLUMBIA ANALYTICAL
SMCE INC AND ANALYTICAL RESOURCESRESOURCE INC

WHERE SLA BTS AND ML IN THISTHI TABL REPRESENT TH SUMSSUM CF INDIVIDUAL COMPOUNDSCOMPOUND EG TOTAL LPAHSLPAH AND TOTAL HPAH5 OR GROUPSGROUP OF

ISOMERSISOMER EG TOTAL PCB5 ONLY THE DETECTED CONCENTRATIONSCONCENTRATION ARE USED FOR CALCULATING
THE SUM OF THE RESPECTIVE COMPOUND OR GROUPSGROUP OF

ISOMERS WHEN ALL INDIVIDUAL COMPOUNDSCOMPOUND OR GROUPSGROUP OF ISOMERSISOMER ARE UNDETECTED THE HIGHEST INDIVIDUAL DETECTION LIMIT IS REPORTED

TOTAL LPAH REPRESENTSREPRESENT THE SUM OF THE CONCENTRATIONSCONCENTRATION OF TH FOLLOWING LPAH COMPOUNDSCOMPOUND RRAPHTHALENE CENSPHTHYLENA ACENAPHTHENE

ILUORSNE PHNANTHRENE NTHRSCNE AND 2METHYLNSPHTHALEFLE THE TOTAL LPAH SLA ST AND ML ARE NOT THE SUMSSUM OF THE CORRESPONDING

SLS STE AND MIS LISTED FOR THE INDIVIDUAL LPAH COMPOUNDS

TOTAL HPAH REPRESENTSREPRESENT THE SUM OF THE CONCENTRATIONSCONCENTRATION OF THE FOLLOWING HPAH COMPOUNDSCOMPOUND FLUORANTHNE PYREN BENZLSAFLLHRSCEFLE

CHYSSN TOTAL BENZOLUORSNTHENE BERIZOAPYRENE LNDENO1 23CDJREFLE DLBSRRZLAHLSNTHF SCENE AND BENZOLGHUPEYLENE THE

TOTAL HPAH SLS ST AND ML ARE NOT THE SUMSSUM OF THE CORRESPONDING SLA SIC AND MIS LISTED FOR THE INDIVIDUAL HPAH COMPOUNDS

TOTAL BNZOLUORAMHFLESBNZOLUORAMHFLE REPRESENTSREPRESENT
THE SUM OF THE CONCSNTRATIONSCONCSNTRATION OF THE BAND ISOMERSISOMER OF BENZOFLUORSNTHSNE

1TOFAL DDT REPRESENTSREPRESENT TH SUM OF 44DDD DDE AND DDT

TOTAL PCB ST VALUE IN PPM CARBONNORMALIZED
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TABLE 2 MORTALITY OF AMPHIPODS RHEPOXYNIUSRHEPOXYNIU ABRONIUS
IN SEDIMENT TOXICITY TESTSTEST

STATISTICALLY

SAMPLE ID NUMBER OF DEAD PERCENT SIGNIFICENT

REPLICATE AMPHIPODSAMPHIPOD MORTALIT PROBABILITY

YAQULEA BAY CONTROL SDLMONT

15

MEAN SD 40 65

COW INLET RFSNC SDLMNT CMS44
25

10

15

20

MEAN SD 150 79

DMMUI CMS45
10

40

40

25

10

MEAN SD 250 150 NO P012
DMMU2 CMS411

35

15

30

40

25

MEAN SD 290 96 YES P0018
DMMU3 CMS42

40

40

11 55

13 65

40

MEAN SD 480 115 YES P00006
DMMU4 CMS43

10 50

13 65

40

30

13 65

MEAN SD 500 154 YES P0002

NOTE DMMU DREDGED MATERIAL MANAGEMENT UNIT

SD STANDARD DEVIATION

BASED ON EN INITIAL NUMBER OF 20 AMPHIPODSAMPHIPOD EACH REPLICATE TEST CHAMBER

BASED ON ONETAED FTEST OF THE DIFFERENCE BETWEEN THE MEAN MORTALITY OF THE AMPHIPODSAMPHIPOD

EXPOSED TO THE TEST SEDIMENT AND THE MEAN MORTALITY OF THE AMPHIPODSAMPHIPOD EXPOSED TO THE

REFERENCE SEDIMENT
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TABLE 3 ABNORMALITY AND MORTALITY OF SAND DOLLAR DENDRASTER

EXCENTRICUSEXCENTRICU EMBRYOSEMBRYO IN SEDIMENT TOXICITY TESTSTEST

LARVAE COUNTED PERCENT STATISTICALLY

SAMPLE ID ABNORMAL SIGNIFICANTB

REPLICATE NORMAL ABNORMAL TOTAL DEAD PROBABILITY

SAWTSR CONTROL

19 201 155

250 254 78
222 226 43

233 237 04
235 241 13

MEAN SD 21 87

CERR INLET RFERNCSRFERNC SEDIMENT CMS44
198 200 147

138 142 405

152 155 345

189 192 185

183 183 211

MEAN SD 259 111

DMMUI CMS45
136 143 414

187 194 194

186 12 198 198

190 195 181

169 23 192 272

MEAN SD 252 97 NO PO46
DMMU2 CMS41

183 20 203 211

141 18 159 392

176 181 241

139 14 153 401

199 204 142

MEAN SD 277 115 NO P040
DMMU3 CMS42

207 210 108

210 216 95

185 186 203

218 221 60

181 190 220

MEAN SD 137 70 YES P004C
DMMU4 CMS43

177 10 187 237

184 191 207

172 15 187 259

214 220 78

189 196 185

MEAN SD 193 70 NO P015

NOTE DMMIJ DREDGED MATERIAL MANAGEMENT UNIT

SD STANDARD DEVIATION

BASED ON AN AVERAGE INITIAL COUNT OF 232 EMBRYOSEMBRYO PER 10 ML SUBSAMPLE NEGATIVE VALUESVALUE REFLECT THE FACT

THAT THE INITIAL COUNT IN INDIVIDUAL REPLICATESREPLICATE MAY HAVE BEEN GREATER THAN THE AVERAGE INITIAL COUNT

BASED ON ONETAILED TTEST OF THE DIFFERENCE BETWEEN THE MEAN ABNORMALITYMORTALIT OF THE EMBRYOSEMBRYO

EXPOSED TO THE TEST SEDIMENT AND THE MEAN ABNORMALITYMORTALIT OF THE EMBRYOSEMBRYO EXPOSED TO THE REFERENCE

SEDIMENT

ALTHOUGH THE DIFFERENCE WAS STATISTICALLY SIGNIFICANT THE MEAN ABNORMALITYMORTALIT OF THE EMBRYOSEMBRYO

EXPOSED TO THE TEST SEDIMENT WAS LOWER THAN TH MEAN ABNORMALITYMORTALIT OF THE EMBRYOSEMBRYO EXPOSED TO THE

REFERENCE SEDIMENT
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TABLE 4 MORTALITY OF POLYCHAETES NEANTHESNEANTHE SP
IN SEDIMENT TOXICITY TESTSTEST

SAMPLE ID NUMBER OF DEAD PERCENT STATISTICALLY

REPLICATE POLYCHAETESPOLYCHAETE MORTELITY SIGNIFICANTT

VAQULNA BAY CONTROL SEDIMENT

MEANSD 00
CRR MIT RALERENC SEDIMENT CMS44

MEANSD 00
DMMU1 CMS4SCMS4

20

MEANSD 489 NO

DMMU2 CMS41I

MEANTSD 00 NO

DMMU3 CMS42

MEANSD 00 NO

DMMU4 CMS43

MEANSD 00 NO

NOTE DMMU DREDGED MATERIEL MANAGEMENT UNIT

SD STANDARD DEVIATION

BASED ON AN INITIAL NUMBER OF POLYCHEETESPOLYCHEETE IN EACH REPLICATE TEST CHAMBER

STATISTICAL ANALYSESANALYSE WERE NOT PERFORMED BECAUSE OF ZERO VARIANCE IN THE REFERENCE SEDIMENT

AND THREE OF THE FOUR TEST SEDIMENTS THERE ARE CLEARLY NO SIGNIFICANT DIFFERENCESDIFFERENCE AMONG THESE

TREATMENTS

10
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TABLE 5 GROWTH RATE OF POLYCHAETESPOLYCHAETE NEANTHESNEANTHE SP
IN SEDIMENT TOXICITY TESTSTEST

AVERAGE BIOMASSBIOMAS PER INDIVIDUAL GROWTH STATISTICALLY

SAMPLE ID TOTAL BIOMASSBIOMAS INDIVIDUAR RATEB SIGNILICANTC

REPLICATE 1MG MGI MGLINDMDDAY PROBABIBTY

YAQUKIA BAY CONTROL SRNENT
1127 225 110

930 186 090

963 193 093

897 179 087

708 141 068
MEAN SD 090 015

CSRR INLET REFERONCE SEMENT CMS44
694 139 066

781 156 075

1140 228 111

914 183 088
720 144 069

MEAN SD 082 018

DMMUI CMS45
922 184 089
677 169 082

785 157 075

922 184 089
864 173 083

MEAN SD 084 006 NO P042
DMMU2 CMS41I

814 163 078

861 172 083

884 177 085
719 144 069
642 128 061

MEAN SD 075 010 NO 4P 025

DMMU3 CMS42
836 167 081

804 161 077

938 188 091

721 144 069

1075 215 105

MEAN SD 085 014 NO P040
DMMU4 CMS43

813 163 078
451 90 042

913 183 088

918 184 089

781 156 075

MEAN SD 075 019 NO P027

NOTE DMMU DREDGED MATERIAL MANAGEMENT UNIT

SD STANDARD DEVIATION

BASED ON THE NUMBER OF SURVIVING POLYCHAETESPOLYCHAETE IN EACH REPLICATE CHAMBER AT TEST TERMINATION

BASED ON DIVIDING THE AVERAGE INCREASE IN BIOMASSBIOMAS PER INDIVIDUAL RELATIVE TO THE AVERAGE INITIAL BIOMASSBIOMAS PER INDIVIDUAL

0598 MGI BY THE TOTAL EXPOSURE TIME

BASED ON ONETAILED TTEST OF THE DIFFERENCE BETWEEN THE MEAN INDIVIDUAL GROWTH RATE OF THE POLYCHAETESPOLYCHAETE EXPOSED TO

THE TEST SEDIMENT AND THE MEAN INDIVIDUAL GROWTH RATE OF THE POLYCHETESPOLYCHETE EXPOSED TO THE REFERENCE SEDIMENT

11
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TABLE 7 CHEMICAL RESULTSRESULT FOR THE SEDIMENTSSEDIMENT COLLECTED FOR USE IN THE

BIOACCUMULATION EXPOSURESEXPOSURE

DMMU1 CARR INLET

STATIONSSTATION 12 REFERENCE

SAMPLE NUMBER S4BC2 S4BCL

CONVENTIONAL VARIABLESVARIABLE

TOTAL VOLAT9E SOLIDSSOLID 36 20

TOTAL ORGANIC CARBON 19 050

PERCENT GRAVEL 044 001

PERCENT SAND 637 495

PERCENT SLIT 280 453

PERCENT CLAY 79 52

TOTAL SOLIDSSOLID 699 652

POLYCYCLIC AROMATIC HYDROCARBONSHYDROCARBON PGKG DRY WEIGHT

NSPHTHSLSNE
NA

ACSNSPHTHEN 31 NA

FLUORINE 34 NA
PHENANTHRENE 397 NA
MTHRACENE 202 NA
2METHYTNAPHTHSLNE

NA
FLUORANTHSNE 1600 NA
PYREN 1700 NA
BNZNTHRACENE 990 NA
CHRYSSNE

1100 NA
TOTAL BSNZOLHICRANTHNESBSNZOLHICRANTHNE 1223 NA
BNZOAPYRENE 510 NA
LNDNO123CDPYRENE 404 NA
DLBENZSHARDHRCENE 139 NA
BENZOGHIPEFYLENE 287 NA

NANOT ANALYZED

TOTAL BENZOLLUORANTHENESBENZOLLUORANTHENE REPRESENTSREPRESENT THE SUM OF THE CONCENTRATIONSCONCENTRATION OF THE AND ISOMERSISOMER OF

BENZOTLUORANTHENE

14
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TABLE 9 TOTAL SOLIDSSOLID CONTENT OF MACOMA AND NEPHYTSNEPHYT TISSUE SAMPLESSAMPLE

TISSUE SAMPLE REPLICATE TOTAL SOLIDSSOLID

MACOMA
REFERENCE 168

166

163

171

132

DMMU1 165

162

164

163

147

MEAN 160

NEPHTYSNEPHTY

REFERENCE 169

171

MEAN 170

16
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I DMMU3 I
APPROXIMATE AREA

PROPOSED FOR DREDGING 111OF

8TH AVENUE
TERMINAL COMPANY

LEGEND

SEDIMENT CORE STATION DMMU

100

FEET

CONTOURSCONTOUR IN FEET RELATIVE TO

MEAN LOWER LOW WATER

BASED ON AUGUST 1994 DMMU
BATHYMETRIC SURVEY

DUWAMISH WATERWAY

PROPOSED DREDGING
FIGURE 1
SEDIMENT CORE STATION IN SLIP NO4 DUWAMISH WATERWAY
LOCATIONS

AT SEATTLE

COUNTY OF KING STATE WA
7400 8TH AVE S
SEATTLE WA 98108 APPLICATION BY

CROWLEY MARINE SERVICESSERVICE

SHEET DATE 032995
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